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A b s tr a c t  : M ethyl vinyl ketone (M V K ) m olecule may be considered  as a  tw o ro to r 
system  in w hich  internal rotation may take place about a C-C single bond connecting  tw o 
com pletely asym m etric m oieties CH = CH , and O = C C H , and also about C -C H , bond leading 
to hindered  ro tation  o f the m ethyl group Scm i-em pirical quantum  chem ical calculations in 
M N D O  approx im ations using m odified AM I H am iltonian and CND O/2 approxim ations for 
understan d in g  the structu ral and spectroscop ic characteristics o f  the ro tational isom ers o f  
m ethyl vinyl ketone are reported both for the electronic ground (£0) and tut* excited state 
(.V,) and the potential energy curves for these states are plotted. It is found that while in the 
Sn state, the molecule may exist in two stable conform ational forms -  tnm s  and cis, in the 5, 
state an additional gauche  conformation with dihedral angle C = C -  C = 0  = ± 90* may also 
ex ist W hile  in the ground state, the trans conform ation is more stable than the c is  by an 
en thalpy  d ifference  o f  0 95 K cal/m ole, the reverse is true in the first excited  stale. Small 
values o f  enthalpy d ifference and rotational barrier (2.76 Kcal/m ole) betw een the trans and 
c is  conform ers in the state suggest a significant concentration o f about 27% o f the higher 
energy  c is  co n fo rm er in th is sta te . T he 5, sta tes o f  the m olecule both for tra n s  and c is  
conform ers arc less polar than the corresponding ground states and explain the blue shift o f 
/i/r* transition  in a polar solvent The m ethyl group show s hindered rotation both m the Sit 
and 5, sta tes w ith rotational barriers o f  0.96 K cal/m ole and 0 45 K cal/m ole, respectively, in 
the tra n s  c o n fo rm e rs  and  0 57 K ca l/m o le  and  0 72 K cal/m o le , re sp ec tiv e ly , in the c is  
c o n fo rm e rs .
K e y w o rd s  * M olecu lar orb ita l ca lcu la tions, conform ation , m ethyl vinyl ketone 
P A C S  N o s. • 33.l5.Hp, 31 15 C t, 31.50.+W
1. Introduction
Several molecular orbital [2,6-11 ], vibrational [14-18,23], electronic [19-22] and microwave [4, 
12,13] studies have been reported for methyl vinyl ketone (MVK) in the literature. Discrepancies
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© 1999IACS
6 5 2 S h e ela  Th aku r a n d  V  P  G u p ta
have however continued regarding the stable conformational forms of the molecule, their 
relative abundance and the assignments of their vibrational bands. Based on infrared and 
Raman spectral studies, Noack and Jones [ 12] suggested the existence of two conformational 
forms -  transand cis in MVK but were unable to predict their relative stability. While Dodziuk 
[7], on the basis of molecular orbital calculations using the Wiberg method, concluded that the 
m-conformer is more abundant than the/ra/is, Durig and Little 115], on the basis of vibrational 
spectral analysis in solid and gaseous phases, have concluded that the trans isomer is more 
stable than the cis by about 800 cals/mole. Not much information is available in the literature 
about the geometry and physico -  chemical properties of methyl vinyl ketone in its excited 
electronic states. In order to answer questions related to the relative stability of the various 
conformers, their electronic spectra and physico-chemical properties in the ground and first 
excited n-/r* electronic states, we have conducted semiempirical molecular orbital calculations 
in the CNDO/2 and MNDO (AM 1) approximations.
2. Method of calculation
Methyl vinyl ketone molecule (Figure 1) was considered as a two rotor system in which internal 
rotation may take place about the C, -  C2 single bond connecting its two completely asymmetric 
moieties CH = C/f, and O = CCH3 and also about the C-C//3 bond. Thus, a number of 
conformations can theoretically arise for the molecule due to rotation about the two bonds. In 
order to obtain potential energy curve for asymmetric torsion in the two electronic states in the 
AM 1 approximation (using computer programme MOPAC, version 6 [26]), the dihedral angle 0 
(C ^C j-C 0~O4) was changed from 0° to 360° in intervals of 20° (intervals of 10° at the turning 
points). The SCF ab initio optimized geometry of trans acrolein [30], modified to include the 
methyl group, was used as initial geometry. Torsional potential analysis was conducted after 
optimizing this geometry at each stage of rotation by using the BFGS method [27], Three fold 
potential function for the internal rotation of the methyl group about C2 -  C6 bond was 
obtained by changing the dihedral angle 0 (//9C6C\CJ) in intervals of 20°. Electronic transitions 
and oscillator strengths were calculated in the CNDO/2 approximation using computer 
programme CNDUV99125] after taking into account configuration interaction between singly 
excited states.
Figure 1. Numbering of atoms and definition of in-plane internal coordinates of methyl 
vinyl ketone molecule.
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3. Results and discussion
3.1 Conformational studies :
Total energy for different conformations of MVK between 0 = 0° and 0 = 360° in AMI 
approximation relative to the most stable conformers, trans for the ground and cis for first 
electronically excited states, were calculated and plotted in Figure 2 to give the potential 
energy curves. Some of the important parameters of the stable con formers, such as total
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F ig u re  2. Potential energy curves of M ethyl vinyl ketone in ground and first excited (mjt*) 
electronic states based on M O calculations The abscissa is the angle o f rotation <j> about the 
C\ -  C, bond relative to the trim s- conformation for which the dihedral angle C\ = C\ -  C\ = 
()4 is 180’ The ordinate lor the excited state (M  + 2) is shifted by 2 00 Kcal/mole relative to 
the ground state (A/).
energy, rotational barrier and enthalpy difference between the various stable conformcrs and 
ionization potentials, obtained from these calculations are given in Table 1. The total energy of 
the trans conformcr, which is the most stable in the ground state is -  21178.99 Kcal/mole and 
that of the cis conformed which is the most stable in the first excited state is -  21114.99 Kcal/ 
mole.
As in the case of other similar molecules such as acrolein [31] and crotonaldchyde 129], 
it is found that the potential energy curves of the two electronic stales of MVK can be fitted 
with potential function of the form :
2V = ^ V ,/i( l ~ c° s  nij>). (1)
rt-1
The potential constants V} to Vb of the ground state have values 0.7937, 2.1237, -  
0.0871, -0.0106,0.2397 and 0.1673. The corresponding values in the first electronically excited 
(«/r*) state are -1.0233,4.3058,0.2204,1.9793,0.4803 and -  0.8379, respectively. Using potential 
constants in the relationships suggested by Margolin et al [34] the torsional frequency and 
the anharmonicity constant were calculated for the more abundant trans conformer in the 
ground state. The calculated value of the torsional frequency is 114.9 cm 1 which agrees with 
the experimental value 101 ± 2 cm”* [ 13]. The anharmonicity constant for the torsional mode is
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T a b le  1. T otal energy , en th a lp y  d iffe ren ce , ro ta tio n a l b a rrie r  and  io n iza tio n  p o ten tia l o f  
co n fo rm ers  o f  m ethy l v inyl k e to n e  in th e  g ro u n d  and  f irs t e x c ite d  e le c tro n ic  s ta te s  in 
M N D O  (A M I)
G round state E xcited  sta te
C o n fo rm a tio n Total en erg y C o n fo rm a tio n  T ota l en erg y
(K cal/m o le) (K ca l/m o le)
l(t>  0  = 0 ’ 0 .0 0 a I* ( 0 0  =  0 ’ 0 .3 2
O II 00 c 0 .9 5 111* (G) *  = ±  90" 3 .6 3
11* (C ) 0 =  180° 0 .0 0 b
lon i/.a tion  po ten tia l (eV ) Ion iza tion  po ten tia l (eV )
1(1) 0  = o" 10.65 I* (t) ^  = a* 3 .9 5
II (C) 0  = 180" 10 .66 III* (G) 0 = ± 90" 3 38
II* (C) <f> = 180° 3 89
R ota tional b arrier (K cal/m ole) R otational barrier (K cal/m o le)
11 (c) /  I (t) I 82 III* / I* 1 49
1 (t) / u  (C) 2 .7 6 I* / III* 4 .8 0
II* /  III* 4 .6 3
III* / 11* 1 .0 0
E n tha lpy  d ifference  (K cal/m ole) E n tha lpy  d iffe ren ce  (K cal/m o le)
1 (0  -  11 (C) 0 .9 5 II* - I* 0 32
II* -  III* 3 .6 3
J absolu te value -  21178.99 Kcal /m ole 
b absolu te  value -  21114.99 Kcal /m ole
found to be 4.5 cm"1. Close agreement between calculated and experimental torsional frequencies 
confirm the finding of Pentin [28] that no more than six Fourier terms are necessary in the 
potential function eq. (1) for reproducing experimental results.
It may be seen from Figure 2 that in the electronic ground state MVK may exist in two 
stable forms-trans  and cis ; the transconformer being more stable than the cis by an enthalpy 
difference of 0.95 Kcal/mole (Table 1). Different values of enthalpy difference between the 
trans. and cis conformers varying between 0.48 and 3.1 Kcal/mole have been reported by 
different experimental methods 11,5]. Dodziuk [7] reported a value of 3.27 Kcal/mole from 
molecular orbital calculations based on Wiberg method which is a rather crude method. In a 
more recent publication, Durig et al [15], reported a value of 0.80 Kcal/mole for the enthalpy 
difference from vibrational analysis. Our calculated value of 0.95 Kcal/mole agrees with the 
findings of Durig and Little [15]. Similarly, our calculated value of trans/cis national barrier is 
2.76 Kcal/mole which is in close agreement with the value 2.36 Kcal/mole icported by Durig and 
Little [15], Dodziuk [7] and De Groot and Lamb [ 1 ] reported much higher values of 5.56 Kcal/ 
mole and 8.4 Kcal/mole, respectively. The cis/trans rotational barrier is found to be 1.82 Kcal/ 
mole which is in agreement with the experimental value 1.56 Kcal/mole [15].
In contrast to the ground electronic state, it follows from Table 1 and Figure 2 that in the 
first electronically excited state CSj), the cis (II*) isomer is more stable than the trans (I*) by 
0.32 Kcal/molc. This is close to the value 0.57 Kcal/mole reported by Pentin [28] from harmonic 
analysis of the two fold torsional potential. No experimental value is available in the literature 
to confirm our result. In between these two stable cis and trans conformations another stable 
conformation with dihedral angle 0 = ± 90° (gauche) may also exist. This gauche conformation
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has an enthalpy difference of 3.63 Kcal/molc relative to the most stable cis conformer in the 
excited state. Although no experimental evidence is available in the literature for the existence 
of the gauche conformer in the first electronically excited state of MVK, such a conformer is 
reported to exist in identical molecules such as acrolein [31], crotonaldehye [29] and methacrolein 
[33]. The intramolecular perpendicular minimum inSj state has been reported to have a charge 
transfer (CT) nature due to the location of the highest occupied molecular orbital (HOMO) and 
lowest unoccupied molecular orbital (LUMO) on the two different segments of the same 
molecule.
The rotational barrier between thetrans andew conformers inSj state is 4.80 Kcal/mole 
as against 2.76 Kcal/mole in the ground state (S0). A similar increase in the potential energy 
barrier on excitation is reported in acrolein [31 ] molecule. The rotational barriers between the 
cis/trans, gauche/trans and trans/gauche conformers are 5.12, 1.49 and 4.80 Kcal/mole, 
respectively. Also, the rotational barrier between cis and gauche conformers is 4.63 Kcal/mole 
and between gauche and cis conformers is 1.0 Kcal/mole.
3.2 Methyl torsion :
Three-fold potential functions for the internal rotation of the methyl group, both for the trans 
and cis conformers of MVK, have been calculated for the SQ and S, states. Total energy for 
different conformations of methyl vinyl ketone relative to trans and cis conformers arc calculated 
and these are plotted in Figure 3(a) for the trans conformer and in Figure 3(b) for the cis 
conformer. It is found that the barrier to internal rotation of the methyl group in the trans
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-GROUND STATE *  EXCITED STATE
ANGLE OF ROTATIONS
F ig u re  3 (a ) . P o ten tia l energy  curves o f  m ethyl ro tation  in tra n s  M ethyl vinyl ketone in 
ground and first excited (wx*) electronic states based on MO calculations. The abscissa is the 
ang le  o f  ro tation  0  about the C, -  bond for the /raw -co n fo rm er, starting  from  dihedral 
angle HyCAC ,0 4 = 0°. The ordinate for the excited state (M + 1) is shifted by 1.00 Kcal/molc 
re la tiv e  to  the g round  state (M).
conformer is 0.96 Kcal/mole, in close agreement with the experimental value 1.25 Kcal/mole 
obtained by Foster et al [4] based on microwave studies. For the cis conformer, this value is 
0.57 Kcal/mole. The potential barrier heights for internal rotation of the methyl group in the first 
excited state (5j) are found to be 0.45 Kcal/mole (trans) and 0.72 Kcal/mole (cis). The potential 
energy curves in all the cases show a C3v. symmetry for the methyl group.
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3.3 Ionisation potentials, population densities and dipole moments :
Using Koopmann’s theorem, the ionization potentials obtained for the trans and cis conformers 
in the ground state are found to be 10.65 eV and 10.66 eV (Table 1), respectively. Our value for 
the trans isomer is close to the value 9.91 eV reported by Morrison et al [35J from electron
--G R O U N D  STATE *  EXCITED STATE
TOTAL ENERGY (Kcal/Mol)
1.5
1 ^ /
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F ig u re  3(b). P oten tia l energy  curves o f  m ethy l ro ta tio n  in a s  M e thy l v iny l ke to n e  in 
ground and first excited (n it*) electronic slates based on M O calculations The abscissa is the 
angle o f rotation 0  about the C, -  Ch bond for the a.r-conform er, starting from dihedral angle 
H l#CftC ,0 4 = 0°. The o rd inate  fo r the excited  sta te  (M + 1) is sh ifted  by 1 00  K cal/m olc 
relative to the ground state (M )
impact method. The corresponding values of the ionization potentials in the first electronically 
excited {nit*) state arc 3.95 and 3.89 cV, respectively, and that for the gauche conformer is 3.38 
eV. No literature is available to confirm our results for ther/.r conformer in the ground state and 
all the three conformers in the excited state.
The calculated atomic and bond population densities and dipole moments of the stable 
conformers of methyl vinyl ketone molecule in the ground and first electronically excited (nit*) 
states are given in Table 2. A strong correlation is found to exist between the bond orders and 
bond lengths in the trans and cis conformers. An increase/decrcase in bond length on electronic 
excitation, both in the S0 and 5, states, is accompanied with a corresponding decrease / 
increase in the bond order for all bonds like C, -  C2 , C, -  C6, C, = C3 and C2 = 0 4.
The calculated dipole moments of the trans and cis conformers of MVK in the ground 
state are 3.22 D and 2.68 D, respectively. Our calculated value for the trans conformer is very 
close to the experimental values 3.16 D |4] and 2.98 D [32]. The calculated values of the dipole 
moment of trans, cis and gauche conformers in the first electronically excited slate are 1.85 D, 
2.13 D and 2.28 D, respectively. No literature is available for the first electronically excited (nit*) 
state. The redistribution of electrons makes the 5, state of MVK less polar than its $0 state, as 
may be seen from a lesser dipole moment 1.85 D for the trans conformer (I*) in the excited state 
as against 3.22 D in the ground state. Also, the dipole moment for cis isomer is 2.13 D in the 
excited state as against 2.68 D in the ground state.
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T ab le  2. A lom  and bond populations (q-values) and dipole moments for different conform a­
tions o f  m ethyl vinyl ketone in the ground and excited states in M N DO (AM I)
G round state E xcited  state
C o n fo rm a tio n C o n fo rm a tio n
A tom  /B ond 1 11 A tom /B ond I* II* III*
qc, 6 22 2 7 6 .2 4 7 5 qc i 6 .1 2 1 7 6 1247 6 0 7 5 9
qCa 5 .7 4 9 9 5 748 6 qC2 6 0645 6 0 7 3 4 6 1896
qc, 6 .1 5 7 5 6 1246 qC , 6 .2 5 9 7 6 242 9 6 1973
q 0 4 8 28 9 3 8 2966 q o 4 8 1160 8 .1 0 7 0 8 1016
q n 5 0 8 5 3 0 0 8682 qH , 0 85 1 1 0 8658 0 8608
qc„ 6 2 6 8 6 6 2598 qC* 6 .1 3 7 7 6 1343 6 1096
qH 7 0 8788 0 8855 qH , 0 .8 7 2 2 0 .8 7 6 8 0 8729
q n K 0 .8 8 4 6 0 86 9 0 qH* 0 8887 0 8768 0 8723
q H , 0 8919 0 8976 qH , 0 8957 0 8982 0 .9 0 1 0
q h i 0 0 8997 0 9013 qH„, 0 8964 0 8999 0 .9 1 2 8
qH„ 0 8997 0 9013 qH,, 0 8963 0 9 0 0 0 0 9115
q c , - c 2 2 2121 2 2 4 0 0 q C .-C , 2 .5 4 6 8 2 5333 2 2208
q C , - c , 3 .8 3 9 2 3 8095 q c , - c , 3 6222 3 6375 3 8604
q C , - 0 4 3 .6 2 5 9 3 5941 q c y o 4 3 1622 3 .1 4 1 2 3 .2 3 6 0
q c 2- c ft 2 8317 2 7775 qC v c „ 2 8953 2 8693
2 951 1
fj (D ebye) 3.22* 2 .6 8 /i (Debye) 1 85 2 13 2 28
#  E xperim en ta l value 3 I6D  [4J
3.4 Electronic transitions :
Our CNDO/2 based transition energies and oscillator strengths for the trans and cis conformers 
of MVK are given in Table 3. Experimental measurements in a non-polar solvent isooctanc 
show two absorption bands in the near UV region at 205 nm (log £ = 4.0) and 331 nm (log £ -  
1.38). While the first band shows balhochromic shift to 212.5 nm (log £= 3.85) and 21- nm 
(log £= 4.40) in ethanol and water, respectively, the second band shows hypsochromic shift to
T ab le  3. E lectronic transitions in n a n s  and c is  methyl vinyl ketone
Ti atis
E x p tl- C alctd b A ssignm ent
A nm (logf) A nm (loge)
xSinglet
320.0 (1 32) 319.4 (0.76) n n*
212.5 (3.85) 212 6 (4.67) n ri*
171.7 (0.62) n -  it*
161.6 (3 46) n -  it*
Cis
E x p ll C a lc td h A ssignm ent
A nm (logf) A nm (logf)
313 4 (0 67) n - i t *
218 1 (4 41) n -  It*
172.6 (0 .58) I t -  K*
156.7 (4 .28) * -  K*
anol solution [191. C orresponding values m isooctane are 331 nm and 205 nm
. _____ I T H  tifvs l?Ol
B ased on CN D O /2 calculations
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320 nm (log £= 1.32) and 308 nm (log £= 1.50), respectively in these two solvents. Hence, the 
absorption band at 205 nm has been assigned to transition and the 331 nm band to n -  
/r* transition [20]. Our calculations confirm these assignments for the trans conformer and 
provide values 212.6 nm (log £= 4.67) and 319.4 nm (log e= 0.74), respectively. The corresponding 
transitions in the cis conformer have calculated values of 218.1 nm (log £= 4.41) and 313.4 nm 
(log e =0.67), respectively. In addition, two more electronic transitions are predicted at 171.7 nm 
(log e = 0.62) and 161.6 nm (log e = 3.46), in the trans conformer which, as in other similar 
ketones [20], may be assigned to n -  rt* transitions. These bands in cis conformer appear at
172.6 nm (log £=0.58) and 156.7 nm (log£=4.28). No experimental data is however, available for 
the cis conformer.
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